(19) 



(12) 



(43) Date of publication: 

14.06.2000 Bulletin 2000/24 

(21) Application number: 99203493.4 

(22) Date of filing: 25.1 0.1 999 



Europaisches Patentamt 
European Patent Office 
Off ice europeen des brevets (11) EP 1 008 921 A1 

EUROPEAN PATENT APPLICATION 

(51) int. CL 7 : G05D 1/06, G01C 23/00 



(84) Designated Contracting States: 


(72) Inventor: Patrick, Nicholas J.M. 


AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 


Houston, Texas 77058-1137 (US) 


MCNLPTSE 




Designated Extension States: 


(74) Representative: 


AL LT LV NIK RO SI 


Land, Addick Adrianus Gosling et al 




Arnold & Siedsma, 


(30) Priority: 11.12.1998 US 209348 


Advocaten en Octrooigemachtigden, 


(71 ) Applicant: THE BOEING COMPANY 


Sweelinckplein 1 


2517 GK DenHaag (NL) 


Seattle, Washington 98124-2207 (US) 



CD 

GO 
O 

o 



(54) Aircraft angle-of-attack indicating system 

(57) The present invention is directed to a non-nor- 
malized aircraft angle-of-attack indicating system. An 
angle-of-attack vane produces a signal a' indicative of 
raw aircraft angle-of-attack. A pitot-static system (68) 
produces output signals representative of aircraft static 
pressure and total pressure, P s arid P t , respectively. 
The signals a', P s and P t are fed to an air data computer 
(66) which correspondingly produces an aircraft actual 
angle-of-attack value a and a calculated Mach number, 
M. Configuration sensors (80) produce output signals 
representative of gear position, g, flap position, f, and 
speed brake position, sb. The signals a, M, g, f and sb 
are fed to a display computer (76). The display compu- 
ter includes a submodule (90) which utilizes a lookup 
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table to determine a value of angle-of-attack stick 
shaker, from the values of M, g, f and sb. A second 
submodule (92) utilizes a lookup table to produce a sec- 
ond angle-of-attack reference value a ref from the values 
g, f and sb. The display computer (76) feeds the a, a^ s , 
0^ signals to an angle-of-attack indicator which 
includes a pointer (102) which is moveable with respect 
to a fixed gauge (1 04). The a signal is used to drive the 
pointer (102) to indicate the aircraft's actual angle-of- 
attack. Bug drivers are utilized to position the first bug 
otss and the second bug, a ref , at their appropriate posi- 
tions on the opposite side of the gauge. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the aircraft indicator art and. in particular to a non-normalized angle-of- 

?00 a 0?]' nd '^ng?e S of S atta(* refers to the angle between an aircraft's wing and the oncoming air. For maneuvering flight 
or for flight without reference to air speed, angle-of-attack is an extremely useful measure of the aerodynam.c state of 

Fo003] raft figure 1 a depicts angles of attack for a typical commercial transport corresponding to the following states of 
the wing, states which are of particular interest to the pilot: 

[0004] C, mM (the maximum lift coefficient developed by the wing); stick-shaker (the predetermined angle of attach 
at which the cockpit stick-shaker is activated to discourage the flight crew from approaching a stall); approach reference 
(the angle-of-attack to be flown during the approach); and zero lift (the angle-of-attack at which the a.rcrafts wing devel- 
ops zero lift) Note that the values vary significantly with changes in aircraft configuration such as flap position. 
[00051 Figure 1 b depicts the relationship between two of the aforementioned angles of attack and Mach number 
Notice that there is a significant variation in these angles over the range of Mach numbers experienced by a typ.cal 

commercial transport aircraft. „„^_,,„ w 
[00061 Prior to the present invention, angle-of-attack information has been d.splayed using a so-called normalized 
display, in which two key angles of attack (for example, stick-shaker and zero lift) are used as anchor points on the scale. 
For example, stick-shaker angle-of-attack (O might be shown at the 12 o'clock position on the display and zero-lrft 
angle-of-attack (a,,) at the 6 o'clock position as shown in Figure 2a. Then, the angle at which to display the pointer, b 
(measured in degrees, counterclockwise from the 6 o'clock position) would be: 

a ~ a " kIEO- [Equation 1] 



[0007] Using Equation 1 . an angle-of attack halfway between and a z , would be shown at 90°. i.e. at the 3 o'clock 

FooobT The above-described method of depicting angle-of-attack has a drawback. As can be seen from Fig^ 1b. for 
some aircraft the angle-of-attack at stick shaker varies significantly with Mach number. For the aircraft as shown it 
drops from 1 1 • angle-of-attack at low Mach to about 6° angle-of-attack at Mach numbers typical of cruising flight. If the 
air data measurement is corrupted for some reason (perhaps by a sensor or avionics failure) such that Mach number is 
estimated incorrectly, then and a zl will be incorrectly estimated, and the scaling defined by Equation 1 will change 
the needle angle, causing the indicator to be misleading. 

[0009] For example, consider the aircraft of Fig. 1 flying at a low Mach number = 1 1 angle-of-attack, a z , - -2 
angle-of-attack) and at 4.5- angle-of-attack, Accoiding to Equation 1. the pointer should be displayed at 1 ^ 3 ° dock 
position (i.e. the midpoint of the scale, or 90" towards "SS" from "ZL") as shown in Fig. 2a. However, if the Mach number 
is erroneously computed to be in the cruise range (say Mach 0.75) then using Equation 1 with = 6 angle-of-attack 
produces an incorrect pointer angle of 145° as shown in Fig. 2b. This is clearly not a desirable state of affairs dunng 
such an air data failure, when the angle-of-attack indicator in needed the most. 

[0010] The same argument above applies to any re-scaling of the display based on aircraft configuration parame- 
ters such as flap position, which would further render the traditional normalized display useless if configuration sensing 
were inoperative or erroneous. 

BRIEF SUMMARY OF THE INVENTION 

[001 1 ] It is an object of the present invention, therefore, to provide an improved aircraft angle-of-attack display sys- 
tem which does not exhibit the problems known to prior art displays. 

[0012] Briefly, according to the invention, an aircraft non-normalized angle-of-attack indicator comprises a gauge 
having fixed position markings to indicate a predetermined range of aircraft angle-of-attack. A pointer is predeter- 
mined^ positioned with respect to the gauge for indicating angle-of-attack A pointer driver determines the aircraft s 
actual angle-of-attack and positions the pointer in response thereto. A first bug is moveable with respect to the gauge 
markings to define a first limit condition for aircraft angle-of-attack. A bug driver determines the aircraft's first limit posi- 
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tion and positions the first bug in response thereto. 

[001 3] . In a further aspect of the invention, a second bug is moveable with respect to the gauge markings to define 
a reference condition for aircraft angle-of-attack, A bug driver includes means for determining the reference position and 
positions the second bug in response thereto. 
5 [0014] In yet a further aspect of the invention, the pointer driver includes means for sensing rate of change in air- 
craft angle-of-attack and quickening the position of the pointer or bugs in response thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

w [0015] 

Figure 1a is a graph depicting key angles of attack versus flap position for a typical transport aircraft; 
Figure 1b is a graph of angle-of-attack versus Mach number and depicts variations in angles of attack at maximum 
lift and stick shaker. 

Figure 2a is a prior art normalized display showing 4.5° angle-of-attack normalized between the appropriate values 
for zero-lift and stick shaker of -2° angle-of-attack and 1 1 0 angle-of-attack, respectively; 
Figure 2b is the same display as set forth in Fig. 2a with a value of 4.5° angle-of-attack and an erroneous high Mach 
stick-shaker value of 6° angle-of-attack; 

Figure 3a depicts a first implementation of the inventive non-normalized, angle-of-attack indicator utilizing a round 
dial with a moving pointer and moveable bugs; 

Figure 3b depicts an alternate, linear implementation of the angle-of-attack indicator of the inventive angle-of-attack 
indicator; 

Figure 4a depicts the inventive angle-of-attack indicator and shows the aircraft at an angle-of-attack of 4.5° with the 
upper limit angle-of-attack bug being shown in the low Mach number position typical of low altitude flight. 
Figure 4b depicts the inventive angle-of-attack indicator showing the aircraft at an angle-of-attack of 4.5°, with an 
upper limit bug shown in the high Mach number position typical of cruising flight, but also possible if Mach number 
is erroneously measured during low-altitude flight; 

Figure 5 is a schematic diagram illustrating the primary components of the non-normalized angle-of-attack indicat- 
ing system; and 

Figure 6 is a logic flow diagram depicting the sequence of logical steps followed by the preferred embodiment of 
the inventive non-normalized angle-of-attack indicating system. 

DETAILED DESCRIPTION OF THE INVENTION 

35 [001 6] Knowledge of angle-of-attack is useful in flight, for detection of abnormal flight conditions (including air data 
measurement failures), and to provide an aircraft's flight crew with general situational awareness about the state of the 
aircraft's wing. 

[001 7] Many of the critical angles of attack that the flight crew may use, such as the angle-of-attack at stall, are influ- 
enced heavily by such measured parameters as Mach number. Traditional angle-of-attack displays have dealt with this 

40 influence by rescaling the pointer's movement against the dial or gauge so that the limiting angle-of-attack always 
remains at the top of the indicator, and another reference angle-of-attack always remains in the middle or at the bottom 
of the indicator. However, when the factors that influence these "key" values of angle-of-attack are in error (perhaps 
because of a sensing or computation failure), the scaling of the entire display is inappropriate, and is often misleading. 
[0018] The proposed non-normalized angle-of-attack indicating system circumvents this problem by fixing the scale 

45 on which angle-of-attack is displayed, and instead moving the bugs for the key values of angle-of-attack as their influ- 
encing parameters change. This scheme makes the proposed indicator much more reliable in cases where the esti- 
mated values of the influencing parameters may be in error, without appreciably compromising each utility in normal 
operations. 

[0019] The proposed non-normalized angle-of-attack indicating system consists of an angle-of-attack indicator in 
so which the pointer, or needle movement is not scaled between salient values such as zero-lift or approach angle-of- 
attack and stick shaker angle-of-attack. 

[0020] Instead, angle-of-attack is presented against a fixed scale, or gauge marking degrees of angle-of-attack (or 
alternatively marked in some other unit of angle-of-attack) while the "bugs" for the salient values (e.g., stick shaker, 
approach reference and so forth) are shifted as the various influencing factors, which include Mach number, flap posi- 
55 tion and so forth, vary. 

[0021] Figures 3a and 3b depict two implementations of the inventive angle-of-attack indicator. 
[0022] Referring to Fig. 3a, shown is a fixed gauge or scale 30 which is arcuate in shape extending from an indi- 
cated -5° angle-of-attack at 6 o'clock, around to a +20° angle-of-attack at 1 0:30 o'clock. At equal arc spacings, are ticks 
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which indicate angles of attack, within the stated range, in 5° increments. 

[0023] A moving needle or pointer 32 arcuately moves on one side of the gauge 30 in a manner to indicate the air- 
craft's measured angle-of-attack. Actuation of the pointer is more clearly understood with reference to Figs. 5 and 6. 
[0024] On the opposite side of the gauge 30 from the pointer 32 are bugs 34, 36. The bugs 34, 36 are moveably 
5 positionable with respect to the gauge 30. The first bug 34 is moveable to indicate a first limit condition, such as stick 
shaker. 

[0025] The second bug 36 is moveable with respect to the gauge 30 to indicate a reference condition, such as the 
reference angle-of-attack to be flown during an approach. Note that the second bug 36 is shown as indicating a range 
of angle-of-attack values, because there is more than one acceptable value of angle-of-attack for the approach condi- 
10 tion. 

[0026] Also depicted in the display system of Fig. 3a is a digital readout of aircraft actual angle-of-attack at 38. 
[0027] Figure 3b illustrates an alternate implementation of the inventive non-normalized, aircraft angle-of-attack 
indicator. Shown is a gauge 40 comprised of a linear scale extending from a low value of -5° angle-of-attack to a high 
value of 20° angle-of-attack. Equidistantly spaced along the gauge 40 are tick marks at every five degrees of aircraft 
15 angle-of-attack. 

[0028] Positioned on one side of the gauge 40 is a needle or pointer 42 which, in a manner better understood with 
respect to Figs. 5 and 6, is moveable along the gauge to indicate the aircraft's actual angle-of-attack. 
[0029] Positioned with respect to the gauge 40 on the side opposite of the pointer 42 are first and second moveable 
bugs 44, 46, respectively. First moveable bug 44 may be positioned to indicate an upper limit angle-of-attack value, such 
20 as stick shaker, whereas the second moveable bug 46 is positionable to indicate a reference value of aircraft angle-of- 
attack. Note that the second bug 46 is shown as indicating a range of angle-of-attack values, because again there is 
more than one acceptable value of angle-of-attack for the approach condition. 

[0030] The angle-of-attack indicating system of Fig. 3b also includes a digital readout 48 of the aircraft's actual 
angle-of-attack. 

25 [0031 ] The primary advantage of the present apparatus and method for displaying aircraft angle-of-attack is that it 
is far less sensitive to errors in air data or aircraft configuration sensing than prior art displays. 
[0032] Figures 4a and 4b depict the inventive non-normalized display indicating 4.5° angle-of-attack at two different 
Mach numbers. In Fig. 4a, the stick shaker bug 50 is shown at its low-Mach position of 11° angle-of-attack. In Fig. 4b, 
the stick shaker bug 52 is shown in its high-Mach (M = 0.75) position of 6° angle-of-attack, as it might be after an air 

30 data failure on approach (at low Mach number) causes an overestimation of Mach number. 

[0033] It is clear from a comparison of the prior art normalized indicating system of Fig. 2b and the inventive, non- 
normalized indicating system in Fig. 4b that the proposed non-normalized indicator is more useful in cases of air data 
failure. First, the explicit movement of the upper-limit bug provides some evidence for the existence of an air data failure. 
Second, when the flight crew recognizes this condition, they can monitor the position of the pointer on the gauge while 

35 ignoring the position of the upper-limit bug. An additional benefit of the proposed display is that it is easier to understand 
under normal conditions, since it shows angle-of-attack in raw form. 

[0034] In fact, the indicating system depicted in Fig. 3a has been evaluated against a prototypical normalized dis- 
play known to the prior art. The inventive non-normalized display was found to be superior to the normalized display for 
providing pilots with general situational awareness, and particularly for flying approaches without air speed or other air 
40 data information. 

[0035] Fig. 5 is a schematic, block diagram illustrating the preferred embodiment of the present non-normalized air- 
craft angle-of-attack indicating system, here indicated generally at 60. An angle-of-attack (AOA) vane 62 sends raw 
angle-of-attack data, <x\ over a line 64, to an air data computer 66. 

[0036] A pitot-static system 68 monitors and sends both a static pressure signal, P s , over a line 70 to the air data 
45 computer and a total pressure signal, P t> over a line 72, to the air data computer 66. 

[0037] The air data computer 66. in the normal manner, sends an aircraft's actual angle-of-attack signal a over a 
line 74 to a display computer 76. 

[0038] In addition, in the normal manner the air data computer 66 generates an aircraft Mach value, M, which is 
transmitted over a line 78 to the display computer 76. A series of configuration sensors, indicated generally at 80, on 

so the aircraft communicate several relevant configuration variables to the display computer 76 such as, for example, air- 
craft landing gear position, over line 82, aircraft flap position, over line 84 and aircraft speed brake position, over line 86. 
[0039] The display computer 76 uses the received Mach number, gear position value, flap position value and speed 
brake position value to look up in a lookup table (in the preferred embodiment), or calculate in an alternate embodiment, 
the appropriate limit value for angle-of-attack, ex. Thus, for an angle-of-attack stick shaker value, the display computer, 

55 out of its sub-block 90 looks up, (or calculates) an appropriate angle-of-attack stick shaker signal level o^. 

[0040] In addition, in a sub-block 92, the display computer inputs aircraft gear position, flap position and speed 
brake position to generate a second angle-of-attack reference bug. a re{ . which may correspond to, for example, the air- 
craft zero-lift angle-of-attack. The signals a, over line 94, a^, over line 96 and over line 98 are all fed to the angle- 
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of-attack indicator, 100. The angle-of-attack indicator, in the normal manner, includes drivers to receive the various sig- 
nals and deflect a pointer 102 with respect to a scaled gauge 104. In addition, a moveable first bug 106 indicates the 
angle-of-attack stick shaker value, a^, while a second bug 108, indicates the second angle-of-attack reference level, 

<*ref- 

5 [0041] In addition, the display computer 76 or the angle-of-attack indicator 100 may sense the rates of change of 
the signal a (at 74 or 94) and make a suitable adjustment to its values (perhaps by adding its rate of change multiplied 
by a predetermined constant to its value) so that it is quickened, i.e. displayed at a position which it hasn't yet attained, . 
but it will attain some short interval in the future. Such a quickening scheme gives the human operator more time to 
respond in conditions of rapidly changing angle-of-attack. 

10 [0042] Figure 6 is a logic flow diagram illustrating the sequential steps implemented by the preferred embodiment 
of the aircraft non-normalized angle-of-attack indicating system. Here, the system starts at 200 and enters a first block 
202 at which angle-of-attack, a, is measured. 

[0043] Then, the system in block 204 measures static pressure, P s and total pressure P t . The system then incre- 
ments to block 206 in which a Mach value, M, is computed from P s and P t . Next, at block 208, measurements are taken 
15 of aircraft configuration, such as landing gear position, g, flap position, f, and speed brake position, sb. 

[0044] The system then increments to block 21 0 where, based upon the input values of a, p s , p t , M, g, f, and sb, the 
system uses a lookup table, block 212, to look up the limit values for angle-of-attack, such as stick shaker, 0,5, and 
approach reference angle-of-attack, indicated as a^. 

[0045] Finally, out of block 210 a step 21 4 is entered in which appropriate signals are fed to the display to drive the 
20 pointer with respect to the gauge to indicate angle-of-attack, and position the first bug and position the second bug 
otref. The system then returns to block 202 to repeat the aforedescribed process. 

[0046] In summary, an improved aircraft angle-of-attack indicating system has been described in detail. Whereas a 
preferred embodiment has been set forth, it should be understood that many variations and modifications thereto are 
possible without varying from the true spirit and scope of the present invention. 

25 

Claims 

1 . An aircraft non-normalized angle-of-attack indicating system comprising: 

so a gauge having fixed position markings to indicate a predetermined range of aircraft angle-of-attack; 

a pointer which is predeterminedly positioning with respect to said gauge for indicating angle-of-attack; 
pointer driver means for determining the aircraft's actual angle-of-attack and positioning said pointer in 
response thereto; 

a first bug which is moveable with respect to said gauge markings to define a first limit condition for aircraft 
35 angle-of-attack; and 

bug driver means for determining said aircraft first limit position and positioning said first bug in response 
thereto. 

2. The indicating system of claim 1 further comprising: 

40 

a second bug which is moveable with respect to said gauge markings to define a reference condition for aircraft 
angle-of-attack; and 

wherein said bug driver includes means for determining said aircraft angle-of-attack reference position and 
positioning said second bug in response thereto. 

45 

3. The indicating system of claim 1 wherein said pointer driver means includes means for sensing rate of change in 
aircraft angle-of-attack and quickening the positioning of said pointer in response thereto. 

4. The indicating system of claim 2 wherein said pointer driver means includes means for sensing rate of change in 
so aircraft angle-of-attack and quickening the positioning of said pointer in response thereto. 

5. The indicating system of claim 2 wherein: 

said first bug is indicative of aircraft stick shaker; and 
55 said bug driver includes means to determine aircraft stick shaker and position said first bug to indicate same. 

6. The indicating system of claim 5 wherein: 
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said second bug is indicative of aircraft approach reference angle-of-attack, and 

said bug driver includes means to determine aircraft approach reference angle-of-attack and position said sec- 
ond bug to indicate same. 

7. The indicating system of claim 5 wherein said pointer driver means includes means for sensing rate of change in 
aircraft angle-of-attack and quickening the positioning of said pointer in response thereto. 

8. The indicating system of claim 6 wherein said pointer driver means includes means for sensing rate of change in 
aircraft angle-of-attack and quickening the positioning of said pointer in response thereto. 

9. The indicating system of claim 1 wherein: 

said gauge is arcuate having fixed, equal arc spaced markings of angle-of-attack from a predetermined mini- 
mum to a predetermined maximum angle-of-attack value; 
15 said pointer is arcuately positioinable with respect to one side of said gauge; and 

said first bug is arcuately moveable with respect to a second side of said gauge. 

10. The indicating system of claim 1 wherein: 

20 said gauge is linear having fixed markings of angle-of-attack from a predetermined minimum to a predeter- 

mined maximum angle-of-attack value; 

said pointer is linearly positionable with respect to one side of said gauge; and 

said first and second bugs are linearly moveable with respect to a second side of said gauge. 

25 11. A method for displaying aircraft non-normalized angle-of-attack comprising the steps of: 

a) providing a gauge including fixed position markings to indicate a predetermined range of aircraft angle-of- 
attack" 

b) providing a pointer which is predeterminedly positioned with respect to the gauge for indicating angle-of- 

cS'ing said pointer by means of a pointer driver for determining the aircraft's actual angle-of-attack and posi- 
tioning the pointer in response thereto; ■ 
d) moving a first bug with respect to the gauge markings to define a first limit condition for aircraft angle-of- 
attack; and 

35 e) determining the aircraft's first limit position and positioning said first bug in response thereto. 

12. The method of claim 1 1 including the further steps of: 

moving a second bug with respect to the gauge markings to define a second limit condition for aircraft angle- 

40 of -attack; and 

determining the aircraft's second limit position and positioning the second bug in response thereto. 

1 3. The method of claim 1 1 including the further step of sensing the rate of change in aircraft angle-of-attack and quick- 
ening the position of the pointer in response thereto. 

1 4. The method of claim 1 2 including the further step of sensing rate of change in aircraft angle-of-attack and quicken- 
ing the positioning of the pointer in response thereto. 



45 



50 



55 



1 5. The method of claim 12 including the further steps of: 

providing the first bug as indicative of aircraft stick shaker angle-of-attack; and 

determining aircraft stick shaker angle-of-attack and positioning said first bug to indicate same. 

16. The method of claim 15 including the further steps of 

providing said second bug as indicative of aircraft approach reference angle-of-attack; and 

determining aircraft approach reference angle-of-attack and positioning the second bug to indicate same. 
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1 7. The method of claim 1 5 including the further step of sensing rate of change in aircraft angle-of-attack and quicken- 
ing the positioning of said pointer in response thereto. 

18. The method of claim 16 including the further step of sensing rate of change in aircraft angle-of-attack and quicken- 
5 ing the positioning of the pointer in response thereto. 

19. The method of claim 1 1 including the further steps of: 

providing the gauge as arcuate having fixed markings of angle-of-attack from a predetermined minimum to a 
10 predetermined maximum angle-of-attack value; 

positioning said pointer arcuately with respect to one side of said gauge; and 

moving said first and second bugs arcuately with respect to the second side of the gauge. 

20. The method of claim 1 1 including the further steps of 

15 

providing said gauge as linear having said fixed markings of angle-of-attack from a predetermined minimum to 

a predetermined maximum angle-of-attack value; 

positioning said pointer with respect to one side of said gauge; and 

moving said first bug with respect to a second side of said gauge. 

20 
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